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ABSTRACT 
The presence of H3K9me3 and heterochromatin protein 1 (HP1) are 
hallmarks of heterochromatin conserved in eukaryotes. The spreading and 
maintenance of H3K9me3 is effected by the functional interplay between the 
H3K9me3-specific histone methyltransferase Suv39h1 and HP1. This interplay 
is complex in mammals because the three HP1 isoforms, HP1, , and  are 
thought to play a redundant role in Suv39h1-dependent deposition of H3K9me3 
in pericentric heterochromatin (PCH). Here, we demonstrate that despite this 
redundancy, HP1 and, to a lesser extent, HP1 have a closer functional link to 
Suv39h1, compared to HP1.  HP1 and  preferentially interact in vivo with 
Suv39h1, regulate its dynamics in heterochromatin, and increase Suv39h1 
protein stability through an inhibition of MDM2-dependent Suv39h1-K87 
polyubiquitination.  The reverse is also observed, where Suv39h1 increases 
HP1 stability compared HP1 and . The interplay between Suv39h1 and HP1 
isoforms appears to be relevant under genotoxic stress.  Specifically, loss of 
HP1 and  isoforms inhibits the upregulation of Suv39h1 and H3K9me3 that is 
observed under stress conditions. Reciprocally, Suv39h1 deficiency abrogates 
stress-dependent upregulation of HP1 and  and enhances HP1 levels. Our 
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work defines a specific role for HP1 isoforms in regulating Suv39h1 function 
under stress via a feedback mechanism that likely regulates heterochromatin 
formation. 
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Introduction 
The compaction of DNA inside the nucleus requires successive levels of 
chromatin organization that begins with the fundamental unit of chromatin 
packaging, the nucleosome, and ends in the highest degree of compaction 
found in the metaphase chromosome. The transitions between compaction 
states of chromatin are regulated by a number of mechanisms that include 
posttranslational modifications of histones, DNA methylation, non-histone 
structural proteins, transcription factors, and chromatin remodeling activities.  Of 
these factors, the epigenetic histone mark trimethylation of histone H3 in lysine 
9 (H3K9me3) and heterochromatin protein 1 (HP1) are highly conserved 
hallmarks of heterochromatin1. The primary role of H3K9me3 is to serve as a 
docking site of specific factors, allowing a sequence of molecular events, such 
as the establishment of another heterochromatin hallmark, H4K20me3, or 
methylation of DNA2-5. Suv39h1 was the first lysine-specific HMT activity 
described and is required, along with Suv39h2, for the formation and 
maintenance of pericentric heterochromatin (PCH)6-8. Simultaneous deletion of 
Suv39h1/2 induces genome instability, chromosomal aberrations, decreased 
proliferation, cell cycle alteration, meiosis defects, and increased 
tumorigenesis8,9. Suv39h1 also regulates heterochromatin formation under 
several specific conditions including oxidative and metabolic stress10-12. Under 
these conditions, the stress-related NAD+-dependent deacetylase SirT1 
promotes Suv39h1 stability through inhibition of Suv39h1-K87 polyubiquitination 
catalyzed by the E3-ubiquitin ligase MDM211. Suv39h1 and H3K9me3 have also 
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been involved in the transient formation of heterochromatin at sites of DNA 
double-strand breaks13. 
Mammalian HP1, HP1 and HP1 are small proteins of around 25 kD 
that have an N-terminal chromodomain (CD) and a sequence-related C-terminal 
chromo shadow domain (CSD), linked by an unstructured hinge region (HR).  
The CD binds di-/tri-methylated form of lysine 9 on histone H3 (H3K9me2/3)14.  
HP1 dimerization through the CSD allows binding to a penta-peptide motif, 
PxVxL, found in many HP1-interacting proteins15, 16.  HP1 proteins recognize 
H3K9me2/3 through their CD and interact with Suv39h1, thereby enabling 
spreading of H3K9me3 along a heterochromatin domain 17. The interaction of 
Suv39h1 and HP1 proteins has largely focused on the Suv39h1-HP1 
interaction.  HP1 was originally found bound to the N-terminal 44 amino-acids 
of Suv39h1 in nuclear extracts, 18 and FRET analysis shows that this interaction 
takes place in vivo 19.  The Suv39h1-HP1 complex also co-sediments in a 
~20S chromatin fraction6.  HP1 proteins interact with a wide range of factors 
from enzymes to structural proteins, allowing the direct or indirect recruitment of 
DNA methyltransferases, the H4K20me3 HMT Suv420h2, chromatin 
chaperons, chromatin remodeling factors and cohesins, among others4, 5, 20, 21.    
HP1,  and  exhibit a high degree of sequence conservation and are 
thought to be involved in heterochromatin regulation, gene expression, DNA 
damage signaling, and DNA repair, differentiation and cell cycle regulation22-25. 
Several lines of evidence have shown that the mammalian HP1 proteins have 
isotype-specific functions. First, all three isoforms are present in PCH, but HP1 
and HP1 are also enriched in euchromatin26,27. The euchromatic localization of 
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HP1 has been shown to be associated with a role in gene activation28,29. 
Second, there are isotype-specific interactions with binding partners, as well as 
isotype-specific posttranslational modifications, including sumoylation, 
acetylation, and phosphorylation22, 24, 30-33. Third, all three isoforms have been 
implicated to varying extents in stress responses. For example, HP1 depletion 
impairs the binding of 53BP1 and RAD51 to double-strand breaks, thereby 
inhibiting DNA repair by homologous recombination34.  Phosphorylation of 
HP1at residue threonine 51 increases the mobility of the protein at damaged 
sites induced by IR35.  However, these studies were performed with a specific 
isoform and it remains possible that all three isoforms are redundant with 
respect to stress responses. Finally, isotype-specific deletions in gene-targeted 
mice reveal unique phenotypes36-38.   
Here, we show that each HP1 isoform plays a specific role in regulating 
Suv39h1 function. Despite a strong redundancy between isoforms, under 
normal conditions, HP1 and  preferentially interact with Suv39h1 and regulate 
its dynamics in heterochromatin in contrast to HP1.  Moreover, HP1 and, to a 
lesser extent,  regulate Suv39h1 protein stability by inhibition of MDM2-
dependent ubiquitination of K87 in Suv39h1. There is also reciprocity, in that 
Suv39h1 activity increases HP1 protein levels while decreasing both HP1 
and , indicating the operation of a feedback regulatory network that links 
Suv39h1 with the HP1 isoforms. We suggest that this feedback mechanism is 
functionally relevant in situations of genotoxic stress that results in a specific 
interaction of HP1 and  with the SirT1 protein.  Importantly, loss of HP1 and 
HP1 proteins abrogates stress-dependent upregulation of Suv39h1 and 
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H3K9me3 that is likely mediated by SirT1.  These data demonstrate a role for 
HP1 isoforms in Suv39h1 function and suggests a regulatory feedback 
mechanism between these factors that protect genome stability under 
conditions of stress.  
Results  
HP1 and  interact preferentially with Suv39h1 within the PCH foci 
Aiming to understand the role of each HP1 isoforms in Suv39h1 function, we 
determined their interaction with Suv39h1 in PCH foci in vivo by fluorescence 
resonance energy transfer (FRET) analysis.  We found that Suv39h1 bound 
preferentially to HP1 and, to a lesser extent, HP1, and less still to 
HP1Figure 1A-B). Analysis of the binding of the isoforms to Suv39h1 
deletion mutants (Figure 1C) showed that all three isoforms interacted with the 
N-terminal domain of Suv39h1 (Figure 1C-D). Immunoprecipitation experiments 
indicated that the differences in interactions of Suv39h1 and HP1 isoforms, as 
measured by FRET, could be directly related to differences in binding efficiency 
(Figure 1C-D). The preferential binding of Suv39h1 to HP1 was also indicated 
by the ability of HP1 to compete binding of Suv39h1 to HP1 (Figure S1A).  
HP1deficient MEFs also contained significantly lower levels of H3K9me3 in 
contrast to HP1 or HP1KO MEFs; the latter showed a mild significant 
increase in H3K9me3 levels compared to wild-type (WT) MEFs, respectively 
(Figure 1E).   
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HP1and have different roles in the regulation of Suv39h1 protein 
levels 
Each isoform had a different impact on Suv39h1 protein levels.  Overexpression 
of HP1 and, to a lesser extent,  increased Suv39h1 protein levels, while HP1 
did not alter Suv39h1 levels significantly (Figure 2A). In agreement with these 
results, levels of endogenous Suv39h1 were decreased to around 50% of WT 
levels in HP1 and –deficient MEFs (Figure 2B).  In contrast, loss of HP1 had 
the opposite effect, where Suv39h1 protein levels were increased almost two-
fold in HP1 knockout (KO) compared to WT MEFs (Figure 2B). HP1-mediated 
regulation of Suv39h1 occurred at the protein level as Suv39h1 mRNA levels in 
KO MEFs did not correlate with changes in protein levels (Figure S1B). The 
reduced Suv39h1 protein stability in HP1 KO MEFs was intriguing given that 
HP1 appears to shows that weakest interaction with Suv39h1 (Figures 1A-D). 
HP1 effect on Suv39h1 may be indirect because loss of HP1 increases the 
levels of HP1, which in turn increases Suv39h1 protein stability (Figures 2C 
and S1C).  However, the fact that we observed increased levels of HP1in 
hp1-/- MEFs, may indicate a direct role of HP1 in Suv39h1 protein instability 
(Figure 2D). 
HP1directly regulates Suv39h1 protein levels through a mechanism that 
requires the N-terminal domain of Suv39h1 and involves the hinge region 
of HP1 
Our previous studies demonstrated that the N-terminal Suv39h1 CD, at 
residues 44-88 of Suv39h1 is required for protein stability [11].  We next 
investigated whether the HP1 interaction domain that encompasses residues 1-
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44 of Suv39h1 is required for the CD-dependent regulation of Suv39h1 protein 
stability. To that end, we fused the N-terminal region of Suv39h1 containing 
both domains (NT; residues 1-118) to GFP and tested the effect of HP1 
expression on the protein levels of the GFP fusion in 239F cells (Figure 2D-E).  
We observed a seven-fold increase NT-GFP protein levels in cells expressing 
HP1.  HP1 expression did not upregulate GFP fused to the CD (GFP-CHR) 
or the first 44 N-terminal residues to Suv39h1 (GFP-N44) (Figures 2E-F and 
S2A-B).  Considering that the first 44 residues of Suv49h1 are required for 
interaction with HP1, these results indicated that the mechanism by which 
HP1 increases Suv39h1 protein stability is direct and also requires the 
Suv39h1 CD.  Given the close sequence identity between all three isoforms, the 
different effects of HP1isoforms on Suv39h1 activity was intriguing.  Particularly 
interesting was the case of the two closest HP1 isoforms HP1 and HP1, 
which showed the most divergent effects on Suv39h1 protein levels (Figure 2B).  
Since the main differences between these isoforms are localized in the hinge 
region (HR) of the protein (Figure 2F), we next investigated whether the HR was 
responsible for the differences between them.  Accordingly, we swapped the 
HR between HP1 and HP1 and tested the effect of these mutants in Suv39h1 
stability.  We found that both mutants HP1(-HR) and HP1(-HR) increased 
Suv39h1 protein stability to levels midway between those found for each 
isoform (Figure 2F).  These observations indicate that the HP1 HR may 
participate in the isoform-specific stability of Suv39h1.  
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HP1 and HP1 increase Suv39h1 stability by inhibiting polyubiquitination 
of K87 in Suv39h1 chromodomain.  
In order to further explore the effect of HP1 proteins on Suv39h1 protein stability 
we undertook cycloheximide (CHX) chase experiments that measured the effect 
of each HP1 isoform on the half-life of endogenous Suv39h1.  We found that 
both HP1 and  increased Suv39h1 protein half-life, while HP1 did not 
(Figure 3A).  As explained, we have previously shown that the stability of 
Suv39h1 is regulated by polyubiquitination.  To test the hypothesis that HP1 
regulation of Suv39h1 stability is mediated by polyubiquitination we 
immunoprecipitated Suv39h1 from cells expressing each HP1 isoform together 
with HA-tagged ubiquitin, and studied the rate of HA incorporation in Suv39h1.  
We found that HP1, and to a lesser extent HP1, induced a clear decrease in 
Suv39h1 polyubiquitination while HP1 did not have any effect (Figure 3B).  
Given we had previously identified the lysine K87 in Suv39h1 CD as the main 
polyubiquitination site of Suv39h111, we were next prompted to investigate 
whether the K87 residue was involved in the mechanism by which HP1 
regulates Suv39h1 activity.  As observed for SirT1, HP1induced upregulation 
of Suv39h1 was significantly decreased in K87 mutant (Figure 3C). 
Consistently, HP1overexpression was able to protect against the Suv39h1 
degradation induced by MDM2, indicating that both SirT1 and HP1 regulate 
Suv39h1 stability through the same mechanism (Figure 3D).  HP1 and HP1, 
either had a very mild protective effect (HP1) or had no effect (HP1) on 
MDM2-induced downregulation of Suv39h1, underscoring the higher binding 
affinity of HP1for Suv39h1 compared to other isoforms.  
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HP1 and HP1 promote Suv39h1 stability in PCH foci  
To further investigate the role played by HP1 isoforms in regulating Suv39h1 
protein stability we performed in vivo “pulse-chase” experiments using the 
Dendra fluorophore (see Materials and Methods for details).  Dendra 
fluorophore can be activated by irradiation at 405 nm wavelength. Activation 
results in photo-conversion that changes the fluorophore’s properties so that it 
is now excited and emits at different wavelengths.  This enables specific 
detection of the activated Dendra. In our experiment, we expressed Dendra-
fused Suv39h1 in WT MEFs together with the HP1 isoforms, induced photo-
conversion, and followed the levels of Suv39h1 in PCH foci (Figure 4A). We 
found that upregulation of HP1 or  increased significantly the stability of 
Suv39h1 in vivo in PCH foci. In contrast, HP1 did not affect Suv39h1 levels in 
PCH foci (Figure 4B-C).  
HP1 and HP1 regulate Suv39h1 dynamics under normal and stress 
conditions 
We next investigated whether HP1 isotypes affect the dynamics of Suv39h1 in 
PCH under normal conditions or genotoxic stress.  We performed FRAP 
experiments to measure the dynamics of Suv39h1 in PCH foci of MEFs derived 
from mice WT or deficient for HP1, HP1, or HP1 and found that loss of 
HP1 and HP1 decreased both the turnover rate [t1/2] and the mobile fraction 
of Suv39h1-EGFP (Figure 5A and 5C) confirming a direct link between HP1 
and HP1 with Suv39h1. Overexpression of HP1 and HP1 had the opposite 
effect and increased both turnover of Suv39h1 and the mobile fraction in the 
PCH foci (Figure 5B-C).  Neither HP1 loss nor overexpression had any 
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significant effect on Suv39h1 turnover in the PCH foci (Figure 1E left and 1F). 
However, overexpression of HP1 did increase Suv39h1 mobile fraction (Figure 
5B-C), indicating that HP1 may indirectly affect Suv39h1 dynamics in PCH 
foci.  We next addressed the effect of genotoxic stress.  FRAP analysis of  HP1 
KO MEFs under oxidative stress conditions showed that the turnover rate of 
Suv39h1 in PCH foci increased by approximately 20% in hp1-/- or hp1-/- and 
WT MEFs compared to the same genotypes under normal conditions;  Suv39h1 
turnover did not change in stressed hp1-/- cells. In contrast to WT cells, the 
mobile fraction of Suv39h1 did not change in any of the KO MEFs upon 
oxidative stress.  Several other lines of evidence support a direct role of HP1 
and  in Suv39h1 dynamics under stress. First, in agreement with a role of both 
isoforms in Suv39h1 and H3K9me3 upregulation under stress, loss of HP1, 
and, to a significantly lesser extent,  abrogated the global increase of both 
Suv39h1 and H3K9me3 observed upon different types of genotoxic stress, such 
as IR or oxidative stress (Figure 5D and data not shown). Interestingly, and in 
agreement with our previous results (Figure 2), Suv39h1 and H3K9me3 levels 
that were not significantly increased by stress conditions in HP1-deficient cells 
compared to WT cells.  Second, oxidative stress also induced specific binding 
of SirT1 to HP1 but not to HP1 (Figure 5E). HP1 also behaved like HP1, 
although the interaction was significantly weaker (Figure 5E). These data 
indicate that HP1 and SirT1 may cooperate to increase Suv39h1 protein 
stability under oxidative stress raising the possibility of a role for HP1 in SirT1-
dependent facultative heterochromatin formation. 
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Feedback regulation of HP1 isoforms by Suv39h1 
Having shown that Suv39h1 protein stability is regulated by HP1 isoforms 
(Figure 2), we tested whether the reverse was also true, that is, whether 
Suv39h1 can regulate the stability of HP1 isoforms.  We observed that Suv39h1 
overexpression resulted in higher levels of HA-tagged HP1, while the levels of 
both HA-HP1 and HA-HP1 decreased (Figure 6A-B). These results indicate 
the existence of isotype-specific feedback regulation of HP1 proteins by 
Suv39h1. To confirm that this regulatory feedback mechanism also operates on 
endogenous HP1 proteins, we setup a Myc-Suv39h1 tetracycline-inducible (Tet-
ON) cell line in 293F cells. Surprisingly, endogenous HP1 levels were not 
altered by Tet-induction of Myc-Suv39h1 (Figure 6C), although we observed a 
decrease in endogenous HP1 and HP1 protein levels (Figure 6C) consistent 
with our results obtained using HA-tagged-HP1 and  (Figure 6A and B).  We 
also tested the effect of Suv39h1/2 depletion on HP1 levels.  We found that 
Suv39h1/2 depletion did not affect HP1 protein levels (Figure S3A), which was 
also the case for HP1, although HP1 protein levels were elevated (Figure 
S3A).  We were puzzled by the apparent discrepancies we obtained, but were 
mindful of our observation that it is under conditions of cellular stress that 
Suv39h1 is upregulated (Figures 5B to E).  We hypothesized that it is in the 
context of cellular stress that we should test the role of Suv39h1 upregulation 
on the stability of HP1 isoforms.  To that end, we measured the levels of 
endogenous HP1,  and  under normal conditions and oxidative stress. We 
found that under conditions of oxidative stress Suv39h1/2 depleted cells do not 
have elevated levels of HP1 and  (Figure 6D and S3A) by contrast to WT 
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cells treated in the same way (Figure 5D). Strikingly, the levels of HP1 were 
further increased by oxidative stress in Suv39h1/2-/- MEFs. These results 
strongly indicate a direct and isoform-specific role for Suv39h1 in stress-
dependent regulation of HP1 protein levels.  
Discussion  
Our work suggests that Suv39h1, a key enzymatic activity responsible for 
generating the H3K9me3 determinant of the “histone code” at PCH7, is 
regulated by HP1 proteins in an isotype-specific manner.  HP1 and, to a lesser 
extent, HP1 directly regulate Suv39h1 activity both under normal conditions 
and under conditions of cellular stress.  Under normal conditions, both HP1 
and HP1 bind preferentially to Suv39h1 in vitro and in vivo in the PCH foci, and 
their deficiency alters the in vivo dynamics and stability of Suv39h1 and the 
global levels of H3K9me3.  The relatively weak interaction of HP1 and 
Suv39h1 was intriguing, especially given that the Suv39h1-HP1 was the first 
interaction of Su39h1 and HP1 characterized, at the time of the isolation of 
Suv39h16, 18. We observed a clear antagonism between Suv39h1 and HP1, 
compared to the interaction of Suv39h1 and HP1.  This finding is very 
surprising given that HP1 and  show the highest degree of identity and mainly 
diverge only in the HR 46. Swapping the hinge region between HP1 and  
resulted in a halfway effect, between both isoforms, on Suv39h1 stability 
indicating that the HP1 HR is involved in regulating Suv39h1 stability.  Our 
observation that the loss of HP1 increases Suv39h1 protein levels may be, at 
least partially, an indirect effect for several reasons. First, HP1 overexpression 
did not alter Suv39h1 stability or Suv39h1 polyubiquitination levels. Second, 
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neither HP1 overexpression nor itsdeficiency had a significant impact in 
Suv39h1 turnover rate and mobile fraction in PCH. Third, we have observed a 
compensatory effect between HP1 and  protein levels (Figure 2C), by which 
HP1 loss induces HP1 increased levels and vice versa. Based on this latter 
observation we suggest that the effect of HP1-deficiency on Suv39h1 levels 
may be largely due to the upregulation of HP1, and not by a direct effect of 
HP1 on Suv39h1.    
Our work also reports, for the first time, that the HP1 and  isoforms 
regulate Suv39h1 protein stability.  Dissection of the molecular mechanism by 
which both isotypes regulate Suv39h1 protein stability show that they enhance 
Suv39h1 protein stability by inhibiting MDM2-dependent polyubiquitination of 
K87 in Suv39h1. This results in a significant lengthening of Suv39h1 protein 
half-life.  Regulation of Suv39h1 levels is likely to be relevant in physiological 
situations where genome integrity may have become compromised in a 
Suv39h1-dependent manner, such as in aging39, cancer 40, disease 41-43 and 
cellular (oxidative and metabolic) stress11.  Exploring the role of HP1 isotypes in 
regulating Suv39h1 protein stability under conditions of cellular stress revealed 
that loss of HP1, and to a lesser extent loss of HP1, abolished the 
upregulation of Suv39h1 protein levels and H3K9me3 that results from cellular 
stress (Figure 5D).  The lack of upregulation of Suv39h1 protein levels and 
H3K9me3 under stress (Figure 5) was similar to that observed using SirT1-
deficient cells10,11, indicating that SirT1 may cooperate with both HP1 and  to 
increase the levels of active Suv39h1 protein in response to stress, perhaps as 
part of a SirT1-HP1-Suv39h1 complex.  
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The complex interplay between HP1 isotypes and Suv39h1 is reinforced 
by our observation that Suv39h1 also regulates HP1 and  stability under both 
normal and stress conditions. Interestingly, recent studies have suggested that 
proteins that control Suv39h1 stability, such as Lamin A44, 45, also regulate HP1 
protein stability, further supporting the notion that the stability of both Suv39h1 
and HP1 is likely coordinated.   The fact that the interaction of Suv39h1 with 
HP1 and  isotypes affects their stability, particularly under conditions of 
cellular stress, strongly indicates that the Suv39h1/HP1, feedback 
mechanism is relevant to the stress response.  The complexity of the interplay 
between Suv39h1 and the two HP1 isotypes is highlighted by our observation 
that Suv39h1 upregulation increased HP1 stability but decreased 
HP1stability. The functional link between Suv39h1 and these two isoforms is 
not simple and further studies will be aimed at defining the interactions, 
especially during the response to stress. 
Taken together our results indicate that there is a complex, isotype-specific 
interplay between Suv39h1 and each of the HP1 isoforms, which results in 
coordinated regulation of Suv39h1/HP1 dynamics and protein stability under 
normal conditions and particularly under conditions of cellular stress. These 
data provide a novel paradigm for understanding the role of each of the HP1 
isoforms in genome stability and heterochromatin regulation under stress.  
Materials and Methods 
Plasmids and Antibodies 
Suv39h1, GFP fusions and SirT1 expression constructs were previously 
described10, 11, 47. Expression vectors of FLAG or HA-tagged HP1 isoforms 
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(FLAG-HP1// and HP1-HA//, respectively) were generated from HP1-
GFP vectors previously described 48 using pcDNA4T0 (Invitrogen) by standard 
PCR-based cloning strategy. HP1() and HP1) expression constructs, 
were generated by exchanging hinge regions of HP1 and HP1 (aa78-117 
and aa79-113, respectively). The following primary antibodies were: -Myc 
(Cell Signalling); -GFP (Millipore);-FLAG M2, -HA, and -Actin, (Sigma-
Aldrich); and -HP1 , , and  (Euromedex).  
Immunofluorescence, FRET, FRAP and Dendra assays  
Immunofluorescence and FRAP assays of Suv39h1-EGFP were performed as 
previously described11, 49. For Dendra experiments, cells were seeded in a 35 
mm glass bottom culture dishes (Mattek Corporation). Cells were transfected 
with expression vectors of Suv39h1-Dendra2 -/+ FLAG-HP1// and 
transferred 24 h later to phenol-red free media as Minimum Essential Medium 
Eagle (Sigma-Aldrich) supplemented with penicillin-G and sodium bicarbonate 
at 37°C in a humidified 5% CO2 atmosphere. Cells were live-imaged on a Leica 
TCS SP5 confocal microscope (63x plan-apochromat, NA 1.4) for 10 h. Z-stack 
volumes (0.5 um) were captured at 15 min intervals until 10 h. For 
photoconversion experiments, a 405 nm laser light was used in a region of 
interest (ROI) for 1s bursts at 2% of the total laser power. Post-acquisition 
image analyses were performed using ImageJ/Fiji opensource sortware 
(http://imagej.nih.gov/ij/). 
Immunoprecipitations, Suv39h1-stability and ubiquitination studies  
Cell extracts were prepared according to the Dignam protocol 50. The Western 
Blot was realized using the appropriated antibodies and densitometric analysis 
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was performed with Quantity One software (Biorad). Immunoprecipitations were 
performed with FLAG-agarose (Sigma), HA-agarose (Sigma), or agarose 
crosslinked with Myc-tag antibody, as previously described, 51 and bound 
proteins were eluted with 0.2 M of glycine pH 2.3.  For Suv39h1 stability assays, 
NIH3T3 cells expressing empty vector, FLAG-HP1,  or  were incubated with 
200 g/ml cyclohexamide (FLUKA) for 0, 2, 4, 6, 8, 24, 30 h and the levels of 
endogenous Suv39h1 were analyzed by western-blot (Millipore). Ubiquitination 
assays using Myc-Suv39h1 and FLAG-HP1,  or  were performed as 
previously described11. 
Statistical analysis 
Statistical analysis of different experiments (n ≥ 3) was performed using t-
student test. The graph show the average and the bars indicate the standard 
deviation except for FRET experiments in Figure 1B that represent standard 
error. 
Cells and Treatments  
Suv39h1/2-/-, hp1-/-, hp1-/- and hp1-/- were previously described [36, 37, 43]. 
Suv39h1-inducible293 cells were generated in 293TREX cells (Invitrogen) by 
blasticidin and zeocin selection. Myc-Suv39h1 expression was induced with 
tetracycline as previously described 47. Transfection experiments were 
performed with PEI (Polysciences Inc.), and cells were harvested after 48-72 h 
for analysis. In oxidative stress treatments, cells were incubated with 2-5 mM of 
H2O2 for 1 h at 37ºC before analysis. For IR experiments, indicated MEFs were 
irradiated with 7 Gy and grown for 30 min or 2 h before analysis. 
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Figure 1. (A) Representative images of FRET experiments between Suv39h1-
EGFP and HP1,,-RFP in PCH foci of mouse NIH3T3 cells. Bleached foci are 
indicated by a red circle. (B) Quantification of the FRET assays also shown in 
(A). *P<0.05; ***P<0.0005. (C) Schematic diagram of Suv39h1 domains and 
constructs used in (D). (D)  HA immunoprecipitation between the indicated Myc-
tagged Suv39h1 constructs described in (C) and HA-tagged HP1 isoforms. 
Inputs (I) and Elutions (E) are shown. (E) Levels of H3K9me3 global levels in 
WT, HP1,  and –deficient MEFs. The levels of H3K9me3 represented were 
quantified from western-blots as in Figure 5D and normalized by histone H3 
levels. *P<0.05; ***P<0.0005 
 27 
 
 
Figure 2. (A) Western-blot of Myc-Suv39h1 levels in presence or absence of 
FLAG-tagged HP1 isoforms in 293F cells. Right, quantification of n=3 
experiments. *P<0.05; **P<0.005. (B)  Quantification of endogenous Suv39h1 
protein levels in WT, HP1,  and –deficient MEFs from western-blots as in 
Figure 5D. The relative levels were normalized compared to Suv39h1 levels in 
WT cells. *P<0.05 . (C) Levels of all three HP1 isoforms in the same cells as in 
(B). (D) Schematic diagram of the Suv39h1 chromodomain (Chr) or N-terminal 
domain (Nt) GFP fusions used in (E). (E) Levels of the indicated GFP constructs 
in presence or absence of HP1 overexpression in 293F cells.  Quantification of 
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n=3 experiments as in (E). The relative levels of GFP fussions were normalized 
compared to GFP levels. ****P<0.00001 . (F) Schematic diagram of the HP1,  
domains and the constructs used including the WT isoforms, HP1 containing 
the hinge region (HR) of HP1 [HP1()] and HP1 containing the hinge region 
(HR) of HP1 [HP1()].  Suv39h1 protein levels upon overexpression of the 
indicated HP1,  constructs shown in (F). Levels are represented relative to 
empty vector overexpression (-).*P<0.05; **P>0.005; ***P<0.00005. 
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Figure 3. (A) Cycloheximide (CHX) chase experiment to determine 
endogenous Suv39h1 protein stability in absence or presence of empty vector (-
) or FLAG-tagged HP1,  or  after 0, 2, 5, 10, and 24 h of CHX treatment.  (B) 
Ubiquitination of Suv39h1 in presence or absence of Suv39h1 isoforms. Myc-
Suv39h1 was purified from 293F cells expressing Ubiquitin-HA and the 
indicated HP1 constructs. After immunoprecipitation, equal levels of 
immunopurified Suv39h1 were loaded in a gel and the levels of ubiquitination 
(HA-tag incorporation) were tested. The inputs of the initial immunoprecipitation 
experiment are shown in Figure S2D. (C) Levels of Suv39h1 in presence or 
absence of SirT1 or HP1. The relative levels were normalized compared to 
Suv39h1 levels in WT cells upon overexpression of empty vector (-). **P<0.005; 
****P<0.0001. (D) Effect of HP1,  and  in MDM2-dependent degradation of 
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Suv39h1. Western blot of the levels of Suv39h1 in H1299 cells transfected with 
MDM2-/+ HP1 indicated isoforms. 
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Figure 4. (A) Schematic design of Dendra2-Suv39H1 photoconversion 
experiments. NIH3T3 cells co-expressing the indicated HP1 isoforms or empty 
vector (C) together with Dendra2-Suv39H1 were photoconverted using 405 nm 
laser diode and imaged every 15 min during 10 h. (B) Time-lapse series of 
confocal images of photoconverted Dendra2-Suv39H1 red fluorescence in foci 
of indicated cells. A 488 nm laser and 561 nm laser were used to excite non-
photoconverted Dendra2-Suv30H1 (green) (data not shown) and 
photoconverted Dendra2-Suv39H1(red. (C) Normalized mean fluorescence 
values overtime obtained from individual photoconverted foci of the induced 
cells using ImageJ/fiji open source analysis software. 
  
 32 
 
 
Figure 5. (A) FRAP assays of Suv39h1-EGFP in PCH foci of NIH3T3 upon 
expression of empty vector, or the indicated HP1 isoforms. (B) Similar 
experiment as in (A) performed in WT, HP1,  and –deficient MEFs under 
normal (left) or oxidative stress conditions (right). (C) Quantification of Suv39h1-
EGFP half time [t1/2] and mobile fraction in the FRAPs shown in (A) and (B). (D) 
Levels of Suv39h1, H3K9me3, and histone H3 in WT and KO HP1 MEFs upon 
normal and stress conditions (IR). (E) Interaction between SirT1 and the HP1 
isoforms under untreated or oxidative stress conditions. FLAG 
immunoprecipitation of extracts from 293F cells expressing FLAG-SirT1 -/+ HA-
tagged HP1 isoforms in the indicated conditions. 
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Figure 6. (A) Levels of HA-tagged HP1 isoforms upon increased expression of 
Myc-Suv39h1 in NIH3T3 cells. (B) Quantification of n=3 experiments as in (A). 
Levels of each HP1 isoform were normalized relative to empty vector. 
****P<0.0001 (C) Western-blot of endogenous HP1 isoforms in a Suv39h1-
inducible 293-TREX (Invitrogen) cell line. The levels of the Suv39h1 were 
induced with tetracycline. (D) Quantification of n=3 experiments of HP1 protein 
levels in WT or Suv39h1 KO cells under stress. ***P<0.0005; ****P<0.0001 .(E) 
Proposed model. Above, in normal conditions, HP1 and  interact in vivo with 
Suv39h1 and regulate its dynamics, function, and stability in heterochromatin. 
Below, we have unveiled a complex interplay between Suv39h1 and each of the 
three HP1 isoforms, modulating upregulation of each other upon stress 
conditions.  
